Introduction
Baits consisting of meat, tallow, and chicken heads have long been used in fox control, mostly in association with poisons such as 1080 (sodium monofluoroacetate), cyanide and strychnine (Lloyd 1980; Linhart et al. 1993; Saunders et al. 1995) . Oleyar and McGinnes (1974) and Allen (1982) also used ground beef and pork coated in granulated sugar to deliver chemosterilants to wild foxes. In Europe and North America, the advent of orally administered rabies vaccines Lawson 1970, 1973) led to the development of baits specifically for the delivery of this vaccine to free-living foxes (Debbie 1974; Winkler et al. 1975; Winkler and Baer 1976) . This work culminated in the first field trials of oral immunisation of foxes against rabies using chicken heads as bait (Steck et al. 1982; Wachendorfer et al. 1985) . The reported success of these trials resulted in the further development of mass-produced, manufactured baits incorporating a vaccine container. These include the Tübingen Bait, which consists of fat, bone and fish meal (Schneider et al. 1988) , the Virbac Bait (paraffin, fat and flour) (Guittre 1990) , the Merieux Bait (proteins, fish oil and synthetic polymers) (Brochier et al. 1990 ) and the Blister Pack Bait (tallow, wax, mineral oil and chicken essence) (Bachmann et al. 1990) .
The use of baits for fox control in Australia has risen exponentially in recent years (Saunders et al. 2000) because of an increasing perception of the fox as a serious predator of lambs and wildlife. Mass-produced dried meat baits are preferred in Western Australia, while in eastern Australia the most commonly used fox bait is the commercially produced Foxoff ® (Animal Control Technologies); both contain the toxin sodium monofluoroacetate. Alternative baits, prepared and used on a smaller scale, include chicken heads or 100-g pieces of fresh meat injected with 1080 (Korn and Lugton 1995) . Despite the application of many millions of fox baits for the oral vaccination of foxes in Europe and North America, and for lethal control in Australia, there have been few published papers on the development of baits, mostly due to the protection of commercial interests (Linhart et al. 1993) .
In New South Wales, recent field evaluations of bait uptake indicated that, on average, 45% of Foxoff baits are eaten by foxes during baiting programs (Saunders et al. 1997) . The potential implications of over 50% of baits intended for foxes but left in the field include non-target losses, development of bait shyness and reduced cost-effectiveness (Saunders et al. 1999) . With this in mind it would seem appropriate to consider ways of improving both the location of baits and their consumption by foxes. Perceived and real problems associated with lethal control measures have also generated considerable research effort aimed at the development of fertility-control measures for foxes using abortifacients (Marks et al. 1996) and immunocontraceptives (Bradley et al. 1997) . These too may require the development of alternative carrier baits or improvements to existing baits.
Odorous compounds have long been used to draw predators to control devices such as traps and baits Fagre et al. 1983) . Solitary hunters such as the fox employ scent marking as an aid to food scavenging (Henry 1977) . They also depend much more on olfactory communication than other canid species (Jorgenson et al. 1978; Bullard 1982) . The constituents of canid scent chemicals have been intensively studied with the advent of highly efficient separation techniques (Odell et al. 1978) , the fox fre-quently being used as a study animal (Albone and Perry 1975; Albone et al. 1978; Jorgenson et al. 1978; Whitten et al. 1980) . There are also a growing number of synthetic food flavourings that can initiate gustatory responses. Extensive evaluations of these compounds have been conducted to enhance coyote (Canis latrans) control programs in North America Martin and Fagre 1988; Phillips et al. 1990 ) on the basis that volatile molecules of intense lures are diffused over great distances, thus increasing the potential for detection and response .
In this paper the preferences of captive foxes are examined in relation to bait type and flavour additives. We also investigate the response and likely effectiveness of attractants to enhance bait discovery by red foxes.
Methods

Captive colony
Orphaned fox cubs were hand-reared from ages ranging from 10 days to 4 weeks. They were bottle-fed on powdered milk until weaned. At around 20 weeks, the foxes were housed, usually in pairs, in pens that measured 40 m by 10 m. The pens were located on the outskirts of Bristol, England, and enclosed in chain-link fencing that was dug into the ground and bedded in concrete. Each had a separate, sheltered kennel and an open, gravel-based area with logs, branches and tunnels. The degree to which individuals tolerated human presence varied greatly, which meant that not all animals could be used for close observations of bait acceptance.
Evaluation of bait preferences
Various methods have been used to establish taste preferences in vertebrates, particularly for the purpose of pest control. These include complex or time-consuming procedures such as the use of electro-physiological stimuli, learned behavioural responses and aversive conditioning (Stewart et al. 1983) . A more traditional method is to employ simple cafeteria trials where an animal is offered a variety of food items with preferences estimated from either the extent or the rate of consumption (Rodgers 1988) . None of these were appropriate to the rapid testing of captive fox preferences for a variety of food items and additives. After observing the behaviour of foxes towards their daily food allocation and assuming that a wild fox would make a decision on how to deal with an introduced bait in a relatively short time, an alternative procedure was developed. This involved a scoring system based on a fox's response to the different bait items or additives. Paired baits were offered to a fox that was then observed for a maximum of 5 min. The highest weighting (5) was given to a bait that was eaten first and the least (0) to one totally ignored. Intermediate weights were sniff only (1), pick up from the food tray (2), take away and cache (3) or eaten only after the alternative bait was first consumed (4). Only the response that had the highest weighting was recorded per bait. In each trial all possible paired combinations of baits were offered to each fox. The various combinations and the order in which they were presented to the fox were selected at random. Baits were placed approximately 0.5 m apart on the one tray, which was cleaned with bleach after each test. A fox would be subjected to a maximum of three tests per day, always late in the afternoon when it was becoming active and before it was given its normal food.
In the first trial potential baits consisting of candidate animal products were tested. These were chicken heads, whole laboratory mice, diced liver, fish and horse meat and mechanically recovered meat (MRM). The latter consists of meat and tissue scraps recovered after the boning of an animal carcase. The diced items and MRM were offered in equivalent mass to the chicken heads and mice. In the second trial synthetic food flavourings were evaluated. These were beef, chicken, tuna, bacon, honey and liver as well as an unflavoured control. The flavours were incorporated with an inert, bran-based bait, each weighing approximately 25 g. These were prepared using a recipe of bran, water, gelatine and flavour. The mixture was rolled into balls, dipped in hot liquid paraffin and refrigerated until needed. Five adult foxes were used in each trial. The observations in these trials were subjective assessments based on ordered rankings rather than measurements. The appropriate statistical test for these data is the non-parametric Friedman's two-way analysis of variance, adjusted for ties (Campbell 1975) . Data are presented in a randomised block design with the various baits as treatments and foxes as blocks.
Evaluation of attractants
The procedures for evaluating the attractiveness of chemical compounds to coyotes have been the subject of extensive research Fagre et al. 1983; Phillips et al. 1990) . These involve recording behavioural responses and/or measuring the extent to which an individual displays interest towards each test compound. Only minor modifications were made to these procedures during the studies reported here.
Two groups of chemicals were evaluated for their attractant properties. The first was a selection of the synthetic food flavourings (Master Taste, Dursley, UK) that were used in the bait trials, i.e. beef, chicken and tuna. The second group included chemicals previously identified as potential attractants on the basis of their involvement with food-seeking, territorial maintenance and reproduction in canids. These chemicals and the rationale for their selection were as follows:
Trimethylamine (TMA). TMA is found in the volatiles from anal sac secretions of the fox (Albone and Fox 1971) as well as the domestic dog and coyote (Preti et al. 1976 ). Using such chemicals takes potential advantage of the fox's scent-marking behaviour (Henry 1977) . Amines are also responsible for the odour associated with fish oils, a common component in canid lures (Scrivener et al. 1987) .
Valeric acid (VA). VA is found in coyote and fox urine (Murphy et al. 1978; Jorgenson et al. 1978) and anal sac secretions of the fox (Albone and Fox 1971) , coyote and domestic dog (Preti et al. 1976) .
Dimethyl disulphide (DMD) . Omnivorous scavengers such as the fox often rely on the scents of decomposition and fermentation to locate carrion and prey. Volatile fatty acids such as DMD are the common aerobic decomposition products in animal tissues and the odour of fermentation products in glandular secretions of prey (Bullard 1982) . They also play a role in the fox's own communication process (Albone et al. 1978) . The methyl sulphides are also the compounds that give the distinctive odour characteristic of foxes as perceived by humans (Jorgenson et al. 1978) .
Hexylamine (HA). While aerobic bacteria emanating from the environment cause the initial decomposition of freshly killed prey, anaerobic bacteria from deep muscle tissue provide the more odorous compounds associated with putrefaction (Bullard 1982) . HA is one such compound.
Ethylcaproate (EC). Esters such as EC produce odours of a fruity nature and are also associated with the fermentation process and flavour component of cheese (Bullard et al. 1978) , which again is often used in canid lures (Linhart 1964) .
Synthetic Fermented Egg (SFE).
A fermented egg product (FEP) previously used as a synanthropic fly bait was first used to estimate population densities of coyotes by visitation rates at scent stations (Linhart and Knowlton 1975) . Subsequent research by Bullard et al. (1978) produced a synthetic formulation (SFE) as a replacement to FEP that in comparative field studies proved to be more attractive to both coyotes and foxes (Roughton 1982) . The original SFE formulation consisted of 70 chemicals, many of which were expensive and difficult to obtain. Further research simplified the formulation (7 chemicals) while retaining its odour and attractant properties .
Numerous other chemicals and mixtures could have been tested; some of these are specific to the fox such as anal sac extract (Albone et al. 1978) and synthetic urinary compounds . Unfortunately, most of these were either expensive to purchase or difficult to synthesise. Although there is a large body of literature dealing with the evaluation of such attractants for coyotes, there have been no parallel studies on foxes. As this research is necessarily of a preliminary nature the chemicals for screening were selected on the basis of being both readily available and cheap.
Frequency and duration of investigation of attractants
The chemicals described above were evaluated to determine how long a fox would spend investigating and the number of times it would return to an attractant throughout a prolonged test period. The test device was a small rectangular perspex box that was open on two sides. On one end of this box was a pulsed infra-red transmitter and at the other a receiver. A perspex disc the shape of a petri dish was mounted in the centre of the box and in the path of the infra-red beam. The top of this disc contained a series of holes and inside was placed a filter paper on which approximately 0.5 mL of the test chemical was placed. If a fox investigated the odour that emanated from the disc the infra-red beam would be broken. This resulted in an output signal that was then recorded on a data logger (1200 series Squirrel, Grant Instruments, Cambridge) as the time when the beam was broken and then re-opened. Thus the amount of time the fox spent investigating and the number of times it returned were recorded. The box was attached to the wall of a fox pen at just below nose height so that the fox could easily smell and also rub the sides of its mouth, shoulder and base of its tail against the disc if the odour elicited such a response (as was observed in initial trials). In the process of marking the disc in this way the beam would continue to be broken, thus increasing the measure of attractancy. A second and identical control box, without attractant, was also placed in the pen approximately 3 m from the device that had the attractant. The result for each chemical is presented as the difference between the two. The procedure for each trial was that a fox would be placed in a pen with the test devices for at least a week to settle down. To encourage them to investigate the perspex boxes during this time, a sample of rat urine was included in the disc. Once the trial commenced the nine chemicals were presented on consecutive nights and in random order. Each chemical was presented to a fox only from 1500 to 1000 hours, which included the period during which greatest activity occurred. At the conclusion of each test the perspex boxes and discs were first cleaned with a solution of ammonia bleach, then with diethylether to remove any traces of the previous chemical. Ten adult foxes (5 males and 5 females) were evaluated with the chemicals in two separate trials. These were held at different times of the year to determine whether there was any seasonal effect on attractancy. Season 1 was summer to autumn, which coincides with the stable, non-reproductive period in the fox year while Season 2, winter to spring, includes mating and dispersal.
Results
Bait preferences
Animal-product bait items
The sums of scores for each bait are presented in Table 1 . The data were marginally significant for between-treatment differences (S = 10.17, P = 0.072, d.f. = 5) using Friedman's test. The strongest preference was for laboratory mice, and the least preferred were fish and horse meat.
Bait additives
The sums of scores for each additive are presented in Table  2 . The data were significant for between-treatment differences (S = 20.44, P = 0.072, d.f. = 6) using Friedman's test. The strongest preferences were for beef and honey, and the least preferred was liver. The latter appeared to have repellent properties, being preferred less than the control bait, which contained no additives.
On the basis of these results a second evaluation of bait additives was undertaken. Honey flavour, which ranked highly, consisted mostly of sugar, which on its own is a relatively inexpensive bait additive. Sugar (at approximately 5% w/w) was easily combined with a flavour additive in a bait. In the second of these trials the treatments were beef, sugar, beef and sugar, chicken, tuna and control. The sums of scores for each of these additives are presented in Table 3 . The data were significant for between-treatment differences (S = 13.74, P = 0.018, d.f. = 5) using Friedman's test. The strongest preferences were for sugar and the combination of beef and sugar.
Attractants: frequency and duration of investigation
The data were first examined for the extent to which individual foxes responded to all of the chemicals combined by season. Using one-way analysis of variance the differences among foxes were highly significant for time spent and the number of visits for both seasons (time × Season 1: F = 2.68, P = 0.009; time × Season 2: F = 2.64, P = 0.01; visit by Season 1: F = 3.2, P = 0.002; visit by Season 2: F = 6.37, P = 0.001; all with 9 d.f.). The range for mean time was 2.3-197.3 s, and for mean visits 1.0-18.8 s. Thus the responses of each fox to the chemicals were highly variable.
Responses were then split by season and sex for each chemical with mean adjusted time and number of visits per chemical presented in Tables 4 and 5 . Because the variances between foxes were so large, and the number of individuals per sex small, the variables within this comparison (for both time and visits) became linearly dependent and a multivariate test of significance could not be performed. The main features of the raw data were the heightened responses, particularly in time, of some male foxes to SFE during Season 2 and, to a lesser extent, valeric acid in both seasons. Females responded more to the flavour-based chemicals and valeric acid in Season 1 than in Season 2.
Evaluation of attractants for red foxes The data for males and females were then pooled for each season. Mean adjusted time and number of visits for these comparisons, along with the corresponding multivariate tests of significance, are presented in Tables 6 and 7 . Differences in the response time between attractants were non-significant in Season 1 and significant both for within Season 2 and between seasons. This again was mostly due to the increased response of some foxes to SFE. From the lack of significance for the number of visits both within and between seasons it appears that foxes initially investigated each chemical in a similar manner, and that the difference in response was then reflected by the time spent at each of these visits.
Discussion
Establishing preferred baits for free-living animals can be achieved by field observations of food habits and choice tests on captive animals, followed by field trials of candidate baits. Foxes are known to have a catholic diet so it is not surprising that the captive foxes showed no clear preferences for the various animal-product bait items presented in the first trial.
Where food is scarce, a foraging animal will give more weight to the cue strength of particular food items (McFarland 1977) ; thus a relatively unattractive bait is still more likely to be located and eaten. However, where food is abundant a bait needs to elicit much stronger cues to be competitive with regularly available alternatives. Some food or taste preferences (such as sweeteners) are classified as innate, while others (naturally occurring food items) relate to an animal's early and subsequent experiences in life (Marsh 1988) . A wide variety of food items should therefore be equally acceptable as bait. The more subtle, innate preferences may, however, be important in encouraging a fox to completely consume a natural meat bait or a manufactured or synthetic bait rather than just sample or cache it. In this respect the preferences for sugar and synthetic beef flavour in the bait additive trials is encouraging. The increased behavioural response to baits treated with sugar or sucrose has already been observed in a number of coyote studies (Fagre and Ebbert 1988) , while the use of sweeteners to increase rodent bait consumption is almost universal (Marsh 1988) . The inclusion of sugar could also be useful if masking the taste of chemical additives in the bait (e.g. toxin or fertility-control agent) is required. The inclusion of the beef flavour may also serve as both an odour attractant to the bait as well as a flavour enhancer. The necessity for bait additives may depend on the constituents of the bait itself -meat-based baits may require no further enhancement. The response to SFE during Season 2 is similar to that encountered with coyotes. Because of this, Bullard et al. (1983) proposed that odour quality may be associated with the pheromonal effects of the breeding season. The attractiveness of SFE during this time may be worth exploiting if delivery of fertility-control agents are targeted for uptake during the peak mating period. Valeric acid was perhaps the better attractant in both seasons. Teranishi et al. (1981) found that the combination of valeric acid with anhydrous trimethylamine produced a salt that provided a slow-release mechanism for the volatiles of both chemicals. This allows the odour to last for many days and, because the salt is stable, its incorporation in a bait would be a much simpler process. The preferences for the synthetic beef flavour in the bait trials were also confirmed in the attractant trials.
In terms of identifying a chemical that would be suitable for use in the field to attract a large proportion of a fox population to baits at any time of the year, the results were disappointing. Albone et al. (1978) encountered a similar lack of significance when evaluating the response of captive foxes to anal sac secretion. These authors concluded that such results were not unexpected when the gross nature of the responses assessed (frequency and duration of investigation) in artificial surroundings are compared with the complexity of the relationship between a wild animal and its natural environment. Odours important to a wild fox in locating or hunting its preferred food may not necessarily trigger the same degree of response in a well fed captive fox. That some animals did respond to SFE and valeric acid is perhaps enough to suggest that incorporating an attractant in bait is worth pursuing, with more emphasis on field evaluation. 9.7 9.9 F = 40.1, P = 0.122 F = 8.4, P = 0.262 F = 1.6, P = 0.248
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